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Abstract

This paper gives an overview 0f micro-guidance and control tech-
nologics and in the process previews of some of the technologies, users
and systems issues preseniedin the guidance and control session at
the workshop. We first present a discussion of the advantages of using
micro guidance and control compor ients and then detail six micro-
guidance and control thrusts that could have arcvolutionary impact
on space missions and systems. Specific technologics emerging in the
micro-guidance and control field will be examined. These technologics
fal into two broadcategories: micro-attitude determination (inertial
and celestial) and micro-a actuation, control and sensing. Finally, the
scope Of the workshop’s guidance and control panel will be presented.




11 ntroduction

For this paper we define micro-guidance and control technology as consisting
of two items. First, it includes micro-miniaturized guidance and control com -
ponents and subsyster ns (sensors, actuators and control electronics). Second,
it includes imicro-guidance and control architectures realized by integration of
micro-machined devices and on-chip VLS circuits with guidance and control
functions.

As with many microtechnologies, micro-guidance and control components
and technologies have numerous advantages over their larger counterparts.
1" hese advantages include lowcl mass, volurne and power consumnption than
components used 011 today’s spacecraft. With solid state reliability, there
should be lower risk and more robustness to temperature and vibrations.
l.ower costs arc expected with fewer hands necded to handle the devices and
with cost saving potentials inherent in batch processing technologics. Some
microsystems could be more capable than today ’s larger systems because the
decrcased mass, volume and power consumption would alow redundancy or
cven nassive redundancy of components.

11 the Guidance and Control Section at Jet Propulsion Laboratory, wc
believe that micro-guidance and control technologies can have a revolutionary
impact on space missions and systems via innovative work in six thrust areas:

1. Massively distributed microsensing for systemidentification and control
to enable spaceinterfcrometersand large reflectors.

2. Light powered remote processing networks for guidance and control
microsensing to cnable viable distributed identification and control ar-
chitectures needed to support itein 1.

3. Micro-guidance and control components for microspacccraft and mi-
crorovers to cnable essential subsystem functions. These components
include micro sun sensors, cncoders, star trackers and notors.

4. A six degree of freedom (acceleration and attitude) micro inertial mnca-
surement unit for microspacccraft and microrovers to enable guidance



and control navigation functions.

5. Actively controlled micromachined deformable mirrors for adaptive re-
flee.tors to provide optical performance not presently feasible.

6. F\mbedded health sensing for guidance and control effectors to mnonitor
and manage mission cflectiver iess and lifetime.

Some of the emerging micro-guidance and control technologies that will
support these thrusts arc described inthe following section.

2 Micro-Guidance and Control Technologics

This section will present an overview of present and emerging micro-guidance
and control technologies from NASA, privatcindustry and academia [1].
Sor ne systemns and users issues will bc considered as wc]]. The first broad
area of technology to be covered is attitude determination, both celestial aiid
incrtial. This is an arca where most of the advantages of microtechnologics
will hold, with the possible exception of mnore capability. Microgyroscopes,
for example, tend to have much higher drift rates than larger devices flying 011
today’s spacecraft. The second broad area covered will be micro-actuation,
control and sen sing,.

2.1 Micro-Attitude Determination, Inertial and Cecles-
tial

Microfabricated gyroscopes and accelerometers are now being developed at
the Charles Stark Draper Laboratory, Cambridge, Massachusctts, using batch
processing techniques such as photolithography, diffusion and ectching to
carve mechanical parts, Draperis working 011 threc distinct devices:




1. Gimballed, vibrating gyroscopes and force rcbhalance accelerometers
constructed from bulk silicon

2.Polysilicon surface machined tuning fork gyroscopes

3. Quartz resonant accelerometers and gyroscopes

One reason Draper is pursuing three separate technologics is in part to
lessen the risks associated with emerging technologics.

Sat con Technology Corporation, Cainbridge, Massachusetts, is also work-
ing 011 microgyroscopes, in this case clectrostatically suspended microm -
chanical rate gyroscopes based on variable capacitance motors developed at
M I'T. The device resembles an electrically suspended disk and is controlled
to provide rate information. Surface micromachining lithographic techniques
arc the proposed fabrication processes, and the eventual goa is to develop a
1ni crogyroscope suspendedin al six degrees of freedor n.

Work on gyroscopes is also being done overseas by GISC Ferrantiinld-
inburgh, Scotland, which is fabricating piczo-electric vibratory angularrate
transducers (gyroscopes). They make usc of a cylinder of radially poled
piezo-clectric ceramic, metallized inside and out. The outside is divided into
cight clectrodes and theinside is earthed. The cylinder vibrates inone of
two modes, with rotation causing a coupling of these modes which can be
detected. With this kind of microdevice we obtain the kinds of benefits listed
carlicer - decreases in size, mass, power consumption and cost with increased

reliability.

At the J 1'1, Microdevices Laboratory, novel sensor technologies are being
developed for micro accelerometes and seismorneters. Rescarchers at the Mi-
crodevices 1 .aboratory have made the crucial observation that comnpactness
of devices leads to fundamental physical problems associated with sensor
sensitivity and noise, including thermal noise. Some recent devices devel-
oped have been based 011 electron tunneling and have resulted in ultrahigh
sensitivity microacceleror neters with major reductions innass, volume and
power.



The final emerging technology in Illicrc)-attitude determination has to
do with cclestial sensing. OCA (optical Corporation of America) Applied
Optics in Garden Grove, California, has developed a suite of miniature wide
field of view star tracker camneras. The original device was developed jointly
with Lawrence Livermore National laboratory for Brilliant Pebbles and has
a field of view of 60dcgrees. A follow-oncamera has a 25 degree field of view
and{cat ures adual-redundant camera with a 100 microradian accuracy, 3 0,
and is fully autonomous. These devices arc also noted for low cost, mass and
power.

2.2 Micro-Actuation, Control and Sensing

Microtechnol ogies have aso been applied to the actuation, control and scns-
ing functions that are iimportant to spacecraft and space guidance and control
subsystems. R ecently there has been joint work between JPP1 and UCLA o011
micromachined deformable mirrors which could be used 011 large space inter-
ferometers to compensate for distortions in elements of the optical trainand
intheinstrument’s field of view. The pixelated capacitive lincar actuator is
the key microtechnology needed to produce a highly pixelated mirror surface
to be controlled. The actuators could be monolithic ally integrated with the
mirror assembly. Research is also being donc ontheinodeling and control of
these devices.

Micromachined sensors are a rapidly developing microtechnology that
could ad guidance and control systems. Anexample of this kind of technol-
ogy, being developed at the Georgia Institute of Techinology, Atlanta Georgia,
involves cpitaxial liftoff to fabricate thin-filn,single crystal, optical quality
semiconductor devices. The technique employs surface micromachining and
cpitaxial growth with sacrificial layers such as aluminuimn arsenide. Depo-
sitions of light emitting diodes have beenmade on micromachined movable
platforms yielding microoptomechianical devices. Here the potential exists for
integrated interfcrometric sensors and steerable and inovable light  sources.

From a systems and users perspective, the Johnson Space Center, Hous-
ton, Texas, and the Honeywell Systems and Rescarch Center, Minneapolis,



Minnesota, arc examining how micromachined sensors could beused for ve-
hicle health monitoring. The health monitoring task would include manned
space vehicles. They have examined requirements that vehicle health mon-
itoring places on micromachined sensors, including requirecments on perfor-
malice, size, mass and fault tolerance. The two centers arc also grappling
with the issue of how cominerical and nilitary sensors canbe used to mecet
space systems requirements.

Somne good overview work 011 Inicro-guidance and control technologies has
been done in the JPL Guidance and Control Section. In particular they have
noted that Lunar and Mars explorers, space based interferometers and remote
sensing platforms, whether Farth orbiting or planctary flyby or orbiting,
could benefit greatly from microclectror nechanical technology. They believe
that the synergistic usc of microminiature sensors, V1.SIicroclectronics and
fiber optlic networks will giverise to new guidance, navigation and control
capabilitics. Six microtechnology products or thrusts have been identified
that could enable new guidance and control subsystems. These were listed
inthe introductory scction.

3 Guidance and Control Pancl Scope

The Guidance and Control panel will be considering the technologies pre-
sentedinthe previous section as it charts a course for micro-guidance and
Control technology developinent. At the workshop, the panel will focus 011
cmerging |llicro-guidance and control technologies, users and systems issues
with the following emphases:

« Microdevice guidance and control subsystems for spacecraft with em-
phasis on componcent technology, attitude and articulation control and
health monitoring and recovery.

microsensor and microactuator design including electronics, power
and information processing




- fabrication tech nologics including silicon processing, micromachin-
ing and tunncling technology.

distributed architecture issues including data handling, power trans
mission and microsensing.

« Platform applications will include

shape control for multi-use vehicles and large instruments like ra-
diometers, and vehicle guidance, navigation and control

system identification, health monitoring and remote sensing ap-
plications.

« Science mission applications will include system identification, optical
figure control for ground/spaceborne telescopes and interferometers,
and instrument pointing/sensin g/isolation.

4 Conclusion

In this paper we have briefly reviewed the advantages of using micro-guidance
and control components and architectures and listed six microtech nology
thrusts in guidance and control that could have a revolutionary impact
011 spacecraft and space missious. We also reviewed some of the emerging
micro-guidance and control technologies. These technologies included micro-
attitude determination, inertial and celestial, and micro-actuation, control
and sensin . Finally, we included the guidance and control pancl scope that
will be used to direct the efforts of the pancl as it createsa 1 ccl 11 10logy de-
velopment plan.
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